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Abstract
Online discount voucher market In the discount voucher market, customers usually
face two types of valuation uncertainty, namely, preference uncertainty and consumption
state uncertainty. Preference uncertainty is related to the customer’s lack of relevant
experience with the merchant, whereas consumption state uncertainty is related to the
advance selling nature of the discount voucher mechanism. By taking a comprehensive
perspective (i.e., considering revenue management and promotion eﬀect at the same time),
we ﬁnd (i) no show of voucher buyers may not be a good thing for the merchant, especially
for those large or start-up ones; (ii) oﬀering refund may always hurt the merchant’s proﬁt
and the PayPal model may not be optimal in terms of maximizing social welfare; and (iii)
market segmentation is not necessary for the proﬁtability of promotion.
Keywords: customer valuation uncertainty; discount vouchers; revenue management;
marketing-operations interface.
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Introduction

Third-party promotion platforms have emerged with the development of E-business. The current study discusses the online discount voucher mechanism that has recently captured significant attention in the business world owing to the success of online voucher vendors, such as
Groupon and LivingSocial (Roehert, 2010; Surowiecki, 2010). These online voucher vendors sell
1
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vouchers in speciﬁc cities at discounts ranging from 50% to 90%. These vouchers are typically
oﬀered by local businesses, such as restaurants and spas.
Discount vouchers oﬀer buyers a good opportunity to explore and purchase products at huge
discounts, with only the requirement of buying in advance. As a result, buyers usually face two
uncertainties when they make their decision to purchase:
i. Preference Uncertainty. Voucher buyers are uncertain about their true preference of
what they are going to purchase, because the products featured on a voucher vendor’s
website are relatively new or less known to consumers, and, more importantly, most of
the products are experience goods, for which some characteristics cannot be observed until
consumption (Nelson, 1970).
ii. Consumption State Uncertainty. This uncertainty is caused by the advance selling nature
of the discount voucher mechanism, where consumers have to bear the risk of being in an
unfavorable state (e.g., being sick, having a business trip, or even just forgetting he/she
has bought the voucher) in the spot period and thus cannot redeem the voucher on time.
What happens when consumers have both valuation uncertainties in their decision process?
What are the impacts of each customer valuation uncertainty on the merchant’s operational
and marketing strategies (e.g., capacity allocation, pricing and refund)? These are the key
questions that will be discussed in this paper.
It should be noted that these two uncertainties are diﬀerent. Preference uncertainty comes from
consumers’ lack of knowledge about the product attributes. Consequently, consumer valuations
are not ﬁxed ex ante and are thus inﬂuenced by “external factors,” such as consumption experience with the merchant and network eﬀect from other consumers’ behavior. On the other
hand, consumption state uncertainty, as its name indicates, is related to buyer’s consumption
state in the spot period. Thus, the merchant or other consumers have no impact on this type of
uncertainty. Moreover, not everyone in the market has both uncertainties. Most consumers in
the discount voucher channel are not familiar to the product. As a result, they will have to face
both uncertainties. Meanwhile, some informed customers who have patronized the merchant
2
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before may also come to buy the discount voucher. Since they have already known the speciﬁc
attributes of the product, they need to face only the consumption state uncertainty when they
are in the discount voucher channel.
In practice, there are two noteworthy consumer behaviors in the discount voucher market,
namely, no-show (i.e., a consumer who has bought a voucher but does not show up before the
expiration date) and dilution (i.e., an existing customer buys a voucher at a discount).
Evidence shows that the average redemption rate of Groupon vouchers reaches approximately
80%.1 Besides, Dholakia and Tsabar conducted a real Groupon promotion and discovered a
no-show rate of over 30% (Dholakia and Tsabar, 2011). What is the market’s response to
the consumer no-show behavior? Three commonly used practices are discussed below. (a)
No refund: Some online voucher vendors (e.g., those in China), allow a merchant to not oﬀer
refund provided that it is mentioned clearly in the voucher. However, in some countries (e.g.,
the U.S.), voucher buyers have the right to claim full refund if the voucher expires. In this case,
in terms of where voucher buyers ask for refunds, we have the other two refund policies: (b)
Refund by the merchant and (c) Refund by the voucher vendor2 . What is the impact of refund
policy on consumers’ purchasing behavior? Which type of refund policy is optimal in terms of
social welfare? These questions will be answered in this paper.
Based on the survey data gathered from owners of small- and medium-sized US businesses,
Dholakia (2012) found that a discount voucher promotion attracts approximately 80% of new
customers on average (i.e., customer dilution rate of approximately 20%). At ﬁrst glance,
customer dilution does not seem to be a good thing for a merchant because the vouchers
are sold to attract new customers rather than existing customers who are willing to pay for
the full price. However, the Internet is known as a social networking market, where social
inﬂuence plays a key role in the consumer’s purchasing process (Chen et al., 2011). Speciﬁcally,
uninformed consumers may be able to reduce their preference uncertainty by learning from the
diluted consumers, who know better about the product. In this paper, we will propose a model
1
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On its website, Groupon mentions “If merchant refuses to honor any voucher, Groupon will refund the
amount paid upon request.” See http://www.groupon.com/pages/universal-ﬁne-print
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which incorporates the customer dilution behavior, and discuss the impacts of such consumer
behavior on a merchant.
In the current study, we focus on the merchants that provide service goods, e.g., restaurants
and spas. Typically, they have limited capacity, and their service goods are usually perishable
in nature (Edgar, 1997). Thus, an important decision for such a merchant who wants to oﬀer
discount vouchers is how to allocate her limited capacity between the spot selling channel and
the discount voucher channel. Many anecdotal evidence (e.g., Mcdonald (2012); Cooper (2011))
show that many merchants fail to make money from a Groupon promotion campaign because
they lack capacity control (i.e., they sell more than what they can serve). In response to the
complaint of the owner of Posies Cafe in Portland, Jessie Burke, who called Groupon “the single
worst decision I have ever made as a business owner,” the CEO of Groupon, Andrew Mason,
said in his oﬃcial blog3 :
“[I]t has always been Groupon policy to allow merchants to cap deals. If a merchant
sells too many Groupons, they’ll have a bad experience, the customer will have a
bad experience, and therefore, Groupon loses. In fact, we have the opposite problem
more often - where merchants protest a cap we recommend, convinced they can
handle more customers than we think they can.”
Based on this statement, we can see that (i) selling too many vouchers harms a merchant,
and (ii) merchants still have not realized the value of capping the deal (i.e., doing capacity
allocation). Thus, analysis on the capacity allocation problem is signiﬁcantly important.
Traditional revenue management also deals with the capacity rationing problem. However, we
will tackle such issue from both the marketing and the operations perspectives. On the one
hand, most merchants on Groupon or LivingSocial use the website to run promotions (i.e.,
marketing eﬀect); On the other hand, they have to match demand with limited supply (i.e.,
operations eﬀect). In most previous studies on revenue management, the decision-maker is
often assumed to be myopic in the sense that she only cares about the immediate proﬁt. This
3
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assumption may not hold when customer repurchasing behavior plays an important role in the
daily operation. According to Dholakia’s survey (Dholakia, 2010), the percentages of voucher
buyers repurchasing a second time are 31% and 13% for proﬁtable and unproﬁtable Groupon
promotions, respectively. Thus, the potential future eﬀect should be incorporated into the
revenue management model given the merchant’s promotion eﬀort.
The remainder of this paper is organized as follows. Section 2 presents the related literature.
In the next three sections, we consider three increasingly general versions of the model. We
introduce our basic model in Section 3. In Section 4, we extend the model by considering
diﬀerent refund and revenue sharing policies between the merchant and the voucher vendor. In
Section 5, we further extend the model by incorporating customer dilution behavior. Finally,
in Section 6, we provide conclusions and directions for future research. All proofs are presented
in Online Appendix ??.

2

Literature Review

Although the recent proliferation of online discount voucher services has garnered substantial
press (e.g., Roehert (2010); Surowiecki (2010)), limited studies on this issue have been conducted
in the academic literature. Through a survey of the businesses that oﬀered Groupon promotions,
Dholakia (2010, 2011) develops and empirically tests a conceptual framework specifying the
determinants of a proﬁtable Groupon promotion. Diﬀerent from Dholakia’s survey approach, we
will analyze the impacts of the online discount voucher mechanism on merchant’s expected proﬁt
from a theoretical perspective. Edelman et al. (2010) investigate the proﬁtability of discount
vouchers by using the framework of Bils (1989). They examine two mechanisms by which a
discount voucher service can beneﬁt aﬃliated merchants: price discrimination and advertising.
They ﬁnd that oﬀering discount vouchers is more proﬁtable for merchants who are relatively
unknown or have low marginal costs. However, unlike the marketing viewpoint of Edelman
et al. (2010), we will deal with such issue from both marketing and operations perspectives. In
our model, the merchant not only runs the promotion but also manages to utilize her limited
capacity. Moreover, we also consider customer no-show and dilution behaviors, which are not
5

included in Edelman et al. (2010). In addition, in the model of Edelman et al. (2010), the
merchant sells the vouchers, whereas in reality, such promotion is usually performed by a thirdparty voucher vendor (e.g., Groupon), which is the setting considered in the current study.
Our paper also adds to the growing literature on the issue of customers’ valuation uncertainty.
Xie and Shugan (2001) introduce the concept of consumption state uncertainty, i.e., customers
are uncertain about their future consumption states and therefore their valuations. This type
of valuation uncertainty can be attributed to the use of advance selling, which separates the
purchase and the consumption. Su (2009a) studies the role of consumer return policy as an
insurance mechanism where consumers are uncertain of their valuations, i.e., they have preference uncertainty. However, we focus on the service goods that cannot be returned. Instead,
the merchant uses the discount voucher mechanism to attract uninformed customers to experience the service with the hope that some of them would come back with full-price payment in
the future. We also consider refund policies that are similar to the concept of return policies,
except for the target group of customers: Refund is for those who fail to redeem the voucher,
whereas return policy is for those who have received the product but ﬁnd it unsatisfactory.
In addition, the eﬀects of positive externalities incurred by the informed customers on others’
choices are also considered in the current study. In the marketing and operations management
area, various analytical models hae been proposed to characterize the customer social interaction behavior, e.g., group buying model (Jing and Xie, 2011; Chen et al., 2002, 2007), herding
model in the queueing theory (Veeraraghavan and Debo, 2009), and network eﬀect (Parker and
Van Alstyne, 2005). We are also going to discuss the network eﬀect generated by the existence of diluted customers in the discount voucher channel and its impact on the merchant’s
performance. In contrast to previous papers, we try to discuss such issue in the contexts of
revenue management (where customer dilution is usually regarded as a negative factor) and
promotion (where customer segmentation is usually regarded as a necessary condition (Shapiro
and Varian, 1999)).
The current study is also related to the literature on revenue management that deals with the
issues of capacity control and reservations. The earliest work on capacity allocation problem
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is Littlewood (1972). Based on a simple, two-fare setting, Littlewood proposes the famous
Littlewood’s Rule, which states that discount fare bookings should be accepted as long as
their proﬁt value exceeds the expected proﬁt of future full-fare bookings. Cil and Lariviere
(2013) study the role of reservations in the context of restaurants. In their setting, walkingin requires weighing the chance of getting a seat against the cost of asking for service. The
consumer’s strategic behavior determines the distribution of late demand as a function of how
many seats are set aside for walk-ins, which is diﬀerent from Littlewood’s setting where the
demand distribution is independent of the number of available seats. As a result, although
saving some seats for valuable late arrivals is always optimal in Littlewood (1972), Cil and
Lariviere (2013) ﬁnd that it may be optimal to save no seat for walk-ins. Georgiadis and Tang
(2010) investigate the eﬀects of two common reservation deposit policies (i.e., the “no deposit”
policy and the “guarantee deposit” policy), on a rational customer’s reservation decision and a
ﬁrm’s optimal expected proﬁt. For most of the previous work, the focus is on how to maximize a
ﬁrm’s immediate proﬁt. However, scant attention has been paid to the potential future impact
of the capacity allocation decision. We show that, by allocating some capacity to uninformed
customers, a merchant can attract new customers to take a trial and convince some of them to
return with full-price purchases. Thus, for a forward-looking merchant, ignorance of potential
future eﬀects will result in a suboptimal capacity allocation solution.

3

The Basic Model

In this paper, we consider a repeat purchase model. This section details the assumptions about
the customer, the merchant, and the operational process. Then, the basic model is proposed in
Section 3.4. This model is then extended further by considering diﬀerent refund and revenue
sharing policies and customer dilution behavior in Sections 4 and 5, respectively. The main
notations used in this paper are presented in Table 1.

7

3.1

Customer Setting

There are two types of customer (denoted as he), namely, the informed customer (IC) and the
uninformed customer (UC). ICs are those who have patronized the merchant before, whereas
UCs have never experienced the service provided by the merchant. Following previous studies
on advance selling and customer valuation uncertainty (e.g., Li et al., 2011; Su, 2009b; Xie
and Shugan, 2001), we assume buyers have two possible valuations for the service, denoted as
VH and VL (where VH > VL ), which depend on whether the service ﬁts their individual needs.
For an IC, he knows his exact valuation, which may be either VH (i.e., he likes it) or VL (i.e.,
he dislikes it), because he has experienced the service. Denote the ICs whose valuation is VH
as ICHs and other ICs as ICLs. For a UC, he has preference uncertainty because he has not
experienced the service, i.e., he is uncertain about his valuation of the service. However, he
expects that the service will ﬁt his needs (i.e., valuation is VH ) with the probability of αe and
not ﬁt (i.e., valuation is VL ) with the probability of 1 − αe . After experiencing the service
himself, the UC will realize his valuation. Denote the UCs who realize their valuation is VH as
UCHs. Moreover, given that each voucher buyer needs to buy the voucher before the actual
consumption, he also has to face the consumption state uncertainty. Suppose when deciding
whether to buy the voucher, each buyer expects that there will be γe probability that he will be
in the unfavorable state and therefore unable to redeem the voucher before it expires. Finally,
we assume each customer’s demand is at most one unit in each period.

3.2

Merchant Setting

The merchant (denoted as she) has a ﬁxed capacity C.4 She provides the service at full price
P0 , which is assumed to be equal to VH . Meanwhile, for providing one unit of service, she
incurs a variable cost s, which is less than P0 . She has some old customers (i.e., ICHs), the
total number of which (denoted as NH ) is assumed to be larger than C. However, the expected
amount of ICHs coming in one period is less than C. Thus, the merchant wants to use the
discount voucher to induce some new customers to better utilize her capacity. Suppose she
4

In this paper, by “capacity”, we mean the total capacity during the voucher’s period of validity.
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Table 1: Notations
Exogenous Variables
Parameters/variables concerning customers
Vi
Customers’ possible valuations, i = H, L, VH > VL
NH Initial total amount of ICHs
ND Total amount of DCs
ξ
The probability of a ICH or UCH coming to buy the service in each period
αe
The probability that a UC thinks ex ante his valuation will be VH after experiencing
the service
α
The probability that a UC turns out to have a valuation of VH after experiencing
the service
γe
The probability that a UC expects that he will not be able to redeem the voucher
before it expires
γ
The probability of a voucher buyer no-show
Parameters/variables concerning the merchant
C
Merchant’s total capacity
P0 Full price of the service provided by the merchant
s
Merchant’s variable cost for providing one unit of service, s < P0
δ
Merchant’s discount factor
τ
The portion of the promotion revenue obtained by the merchant
Decision Variables
Q
The maximum amount of vouchers that could be sold in the discount voucher channel
Pv The price of the discount voucher
has a large potential market, i.e., the number of UCs is larger than the maximum capacity the
merchant can allocate to the voucher channel (i.e., C). According to Barr (2011), Groupon’s
total number of subscribers has reached 115 million, while the products featured on the website
are sold at most several thousand units. Thus, the assumption about the large amount of UCs
is reasonable. The merchant needs to decide the voucher price Pv and the maximum amount
of vouchers that could be sold in the discount voucher channel Q ∈ A = {0, 1, 2..., C} to
maximize her expected proﬁt. With regard to the refund policy, in the basic model, we assume
that both the merchant and the voucher vendor do not provide refund. We also assume the
voucher vendor shares the total sales revenue with the merchant. Diﬀerent refund and revenue
sharing policies will be discussed in Section 4. Finally, there is no customer dilution behavior
in the basic model. This assumption will be relaxed in Section 5.

9

3.3

Operational Process

Figure 1 shows the timing of events.
Figure 1: The Process.

Voucher Selling
Period

Spot Period

Future Period

The merchant announces the voucher price ܲ௩ and the maximum amount
of vouchers that could be sold in the discount voucher channel ܳ.

UCs come to the voucher vendor and buy the vouchers at ܲ௩

• Voucher buyers (with reservations) come to experience the service,
and realize their valuations which are either ܸு with prob.=ߙ or ܸ
with prob.=1-ߙ
• With prob.=ߦ, each ICH comes to buy the service at ܲ 
• If demand>supply, some ICH (without vouchers) will leave.

• With prob.=ߦ, each ICH or UCH comes to buy the service at ܲ 
• If demand>supply, some customers will leave.

At the beginning of the voucher selling period, given the voucher vendor’s commission rate 1−τ ,
the merchant announces the discount voucher price Pv and the maximum amount of vouchers
that could be sold in the discount voucher channel Q. Then, consumers (including only UCs
because of the no dilution assumption) visit the voucher vendor’s website and decide whether to
buy the voucher. If a UC buys the voucher, he has the right to get the service from the merchant
in the spot period. A UC will buy the voucher if expected payoﬀ, (1−γe )[αe VH +(1−αe )VL ]−Pv
is nonnegative. Then, clearly, the optimal voucher price is Pv∗ = (1 − γe )[αe VH + (1 − αe )VL ].
In this paper, the superscript

∗

denotes the optimal value.

Right before the spot period, voucher buyers should ﬁrst make reservations5 . Then, they come
to the merchant to enjoy the service. Meanwhile, each ICH may also come to buy the service at
price P0 with probability ξ. Those voucher buyers who fail to make a reservation will be regarded
as no-show6 . Suppose each voucher buyer has γ probability of being no-show. Note this no-show
5

Most merchants on Groupon require voucher buyers to make reservations several days ahead of the consumption day. Here, we assume only the voucher buyers make reservations before the consumption. If ICs also
make reservations but after voucher buyers do, then our model remains the same. For a more general setting
where both types of customers come to the merchant at the same time, our main results still hold (please refer
to Online Appendix ??).
6
Here, for simplicity, we do not specify how customers (including both ICs and UCs) arrive during each
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rate could be diﬀerent from what the customer expects when he buys the voucher (i.e., γe ).
After experiencing the service, each show-up voucher buyer may ﬁnd the service provided by
the merchant is good or ﬁts his needs with probability α. As a result, he realizes his valuation
as VH and is willing to pay full price P0 in the future. As for the relationship between αe (UC’s
expectation of the probability of having a valuation of VH ) and α (UC’s realized probability
of having a valuation of VH ), many studies (e.g., Bils (1989)) assume αe = α, i.e., the UCs
have rational expectation. However, our model is not restricted to such constraint. Instead,
we allow for any general relationship between αe and α. In practice, the merchant can use
past transaction data to estimate the value of α and use marketing research techniques, such as
questionnaires, to determine the value of αe . In this paper, we do not allow for overbooking in
the voucher selling period, i.e., the maximum amount of voucher sold is C. Moreover, whenever
the total number of customers coming is larger than the total capacity C, some of those who
do not have the voucher may ﬁnd there is no capacity available and leave this time.7
In the future period, each ICH or UCH may come to buy the service at P0 with the probability
of ξ. If total number of customers coming is larger than total capacity C, then those who ﬁnd
no available capacity will leave.

3.4

Model and Analysis

Given the voucher vendor’s commission rate of 1 − τ , the merchant can get τ Pv∗ Q from the
voucher vendor by selling Q vouchers. However, she only needs to pay the variable cost s to
(1 − γ)Q customers expectedly, because she does not need to serve the no-show customers.
Thus, her expected proﬁt from the voucher buyers in the voucher selling and spot periods can
be expressed as follows:
Π1V = (τ Pv∗ − s)Q(1 − γ) + τ Pv∗ Qγ = [τ Pv∗ − s(1 − γ)]Q
Moreover, she can also sell to the coming ICHs in the spot period and get the expected proﬁt
period. In Online Appendix ??, we show that our main results still hold even if we consider customer arrival
process explicitly.
7
Our main results still hold if voucher buyers and ICs have the same priority in terms of getting the service
in the case of excessive demand. Please see Online Appendix ?? for details.

11

as follows:
Π1I = (P0 − s)

Q
∑

[∑
C−q
b(q; Q, 1 − γ)
nb(n; NH , ξ) +

NH
∑

n=0

n=C−q+1

q=0

where operator b(n; N, α) =

(N )
n

N −n

α (1 − α)
n

]
(C − q) b(n; NH , ξ) ,

.

Then, in the future period, some UCs (i.e., UCHs) will turn into new ICHs. With a larger
customer pool, the merchant will generate the discounted expected proﬁt as follows:
(∑
[∑
)]
Q
q
N∑
C
H +i
∑
b(i; q, α)
Π2 = δ(P0 − s)
b(q; Q, 1 − γ)
nb(n; NH + i, ξ) +
Cb(n; NH + i, ξ)
q=0

n=0

i=0

n=C+1

where δ > 0 indicates the discount factor reﬂecting the merchant’s attitude towards the future.8
A larger δ implies the merchant cares more about the future, whereas δ = 0 means the merchant
is myopic.9
In summary, the merchant’s total expected proﬁt can be written as follows:
Π (Q) = Π1V + Π1I + Π2
= Pev∗ Q + Pe0

+δ

q
∑
i=0

Q
∑

[C−q
∑
b(q; Q, 1 − γ)
nb(n; NH , ξ) +

NH
∑

q=0

n=0

n=C−q+1

(C − q) b(n; NH , ξ)

(∑
)]
N∑
C
H +i
b(i; q, α)
nb(n; NH + i, ξ) +
Cb(n; NH + i, ξ)
n=0

n=C+1

where Pe0 , P0 − s and Pev∗ , τ Pv∗ − s(1 − γ) are deﬁned as the “eﬀective original price” and
the “eﬀective voucher price” (i.e., the expected proﬁt the merchant can get from a voucher),
respectively. The merchant’s optimization problem is to maximize Π by choosing the optimal
Q∈A.
Note the eﬀective voucher price Pev∗ can be driven down by two factors, one from the cost
of running the promotion (1 − τ ) and the other from the cost of serving the customers (s).
However, the factor from the customer side (i.e., no-show rate γ) can increase the eﬀective
price. This is because the merchant does not have to oﬀer refund to the no-show customer,
8

The merchant does not discount the expected proﬁt from the spot period, because usually the voucher
selling period is very short (several days) compared to the spot period (3-6 months).
9
Here, the merchant could have a discount factor δ that is greater than 1. In our model, we only specify
two diﬀerent service periods, i.e., the spot period and the future period. However, any business is a long-term
process. As far as the merchant is concerned, the “future” could be the repetition of the future period considered
here for many times. Thus, if the merchant’s one-period discount factor is δ̂ ∈ (0, 1), then the discount factor
τ

δ̂ )
, where τ is the merchant’s belief about the
δ deﬁned here can be expressed as δ = δ̂ + δ̂ 2 + ... + δ̂ τ = δ̂(1−
1−δ̂
length of “future” (e.g., the length of time between the current promotion campaign and the next one).

12

which means she can get the money without providing the service. This seems tempting from
the merchant’s point of view. Note we have not mentioned the merchant’s optimal operational
decisions yet. Can the merchant really be so optimistic about customer’s no-show behavior?
To answer this question, we need to determine the merchant’s optimal decision ﬁrst.
Lemma 1 It is optimal for a merchant to allocate Q∗ ∈ A units of capacity to the discount
voucher channel, which satisﬁes the following:

 sup {Q ∈ A : M B (Q) ≥ M C (Q)} if M B (1) ≥ M C (1) ;
Q∗ =
 0
otherwise,

(1)

where
Q−1
q C−1
∑ ∑
∑
M B (Q) = Pev∗ + Pe0 δαξ (1 − γ)
b(q; Q − 1, 1 − γ)b(i; q, α)b(n; NH + i, ξ)
q=0 i=0 n=0
Q−1
H
∑ N
∑

M C (Q) = Pe0 (1 − γ)

b(q; Q − 1, 1 − γ)b(n; NH , ξ)

q=0 n=C−q

Similar to the Littlewood’s Rule (Littlewood, 1972), Equation (1) represents the tradeoﬀ between giving the marginal capacity to the discount channel (i.e., discount voucher) and protecting the marginal capacity for the full-price class. With regard to giving the marginal capacity
to the discount voucher buyer, Equation (1) shows the marginal cost comes from the possibility
that an ICH (who is willing to pay full price) leaves because of the limited capacity. On the
other hand, the marginal beneﬁt contains two parts. The ﬁrst part is the direct beneﬁt from
selling a voucher; and the other part is the beneﬁt of the potential future value of a UC (i.e.,
the second term of M B(Q)), which is what most revenue management articles fail to consider. Littlewood’s Rule assumes customer valuations are determined prior to the consumption.
Such assumption is reasonable when customers are familiar with the product they are going
to purchase beforehand. However, many research articles on economics and marketing (Bils,
1989; Jing and Xie, 2011) have pointed out that customer valuations can change during the
purchasing process because of the existence of preference uncertainty. This is especially true
in the service sector because most services are experience goods, some characteristics of which
cannot be observed prior to consumption (Nelson, 1970). Thus, when the merchant provides
the service to her customers, she also provides the new customers with a chance to experience
the service. Consequently, some of these customers may like the product and become repeated
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customers. In other words, for a service provider, the discount voucher is not only a revenue
management technique to better utilize her limited capacity, but also a marketing tool to promote her service. Actually, running a promotion is one of the ﬁrst reasons for a merchant to
cooperate with online voucher vendors like Groupon (Dholakia, 2010). Therefore, a merchant
needs to consider the potential eﬀects of her decision with regard to capacity allocation.

Corollary 1 The merchant will choose to run the promotion if and only if
(P0 − s)(1 − γ)l(δ) > s(1 − γ) − τ (1 − γe )[αe VH + (1 − αe )VL ]
N
C−1
H
∑
∑
b(n; NH , ξ) −
where l(δ) = δαξ
b(n; NH , ξ).
n=0

(2)

n=C

Note function l(δ) is increasing in δ. Then we can see Inequation (2) always holds when the
merchant is extremely forward-looking (i.e., l(δ) >

s(1−γ)−τ (1−γe )[αe VH +(1−αe )VL ]
).
(P0 −s)(1−γ)

In other words,

merchants who care much about the future will always choose to sell the vouchers. Also, we
ﬁnd higher P0 and lower s will make Inequation (2) more likely to hold. This result helps to
explain why we have seen so many service products, which usually have little variable cost,
featured on Groupon. Moreover, Inequation (2) can still be satisﬁed even when τ = 0 (e.g.,
when P0 is large, s is small, and l(δ) >

s
),
P0 −s

indicating the merchant may still want to run

the promotion even if she will not get any sales revenue from the voucher vendor. This ﬁnding
helps explain the high commission rate (around 50%) claimed by Groupon.
A more interesting result comes from the relationship between Q∗ and ξ. According to our
numerical example (see Figure 2(a)), the optimal capacity allocation decision Q∗ is not always
decreasing in ξ. At ﬁrst glance, a larger ξ, which indicates ICHs are more likely to come in
the spot period, will make the merchant less reliant on the discount voucher channel to better
utilize her capacity. However, a larger ξ also implies UCHs are more likely to come in the future
period, which increases the beneﬁt of acquiring more UCs via the discount voucher channel.
This tradeoﬀ can be clearly seen in Figure 2(a). Fewer UCs will actually turn to UCHs when
α is smaller (i.e., α = 0.3), making the beneﬁt of acquiring the UCs less signiﬁcant. Therefore,
we see Q∗ is always decreasing in ξ. However, if α becomes larger, which implies more UCs are
expected to become repeated customers in the future period, then Q∗ can be increasing in ξ
14

Figure 2: The optimal quantity Q∗ versus ξ and α.
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Note: The setting of (a) is C = 50, NH = 60, P0 = 10, αe = α, VL = 0, δ = 3, s = 0, γ = 0, γe = 0, τ = 1. The
setting of (b) is C = 50, NH = 100, P0 = 10, αe = 0.5, VL = 0, δ = 5, s = 0, γ = 0, γe = 0, τ = 1.

when ξ is moderate.
Similarly, we also ﬁnd relationship between Q∗ and α may not be always monotonic. At ﬁrst
glance, it seems that if voucher buyers are more likely to be with valuation of VH , the merchant
will be more likely to have a larger customer pool in the future, which should prompt the
merchant to attract more voucher buyers through the discount voucher channel. However,
according to our numerical example (see Figure 2(b)), Q∗ may decrease as α increases when α
is large. The reason is as follows: Admittedly, if α increases, the merchant will be more likely
to have more UCHs in the future. However, if the merchant has already had a relatively lower
service level10 , then the beneﬁt of acquiring UCHs may not be signiﬁcant. Thus, given the cost
of selling the voucher at a discount price, increasing the amount of vouchers that could be sold
may not be optimal for the merchant. This tradeoﬀ can be clearly seen in Figure 2(b). It is
easy to check when ξ = 0.4, the merchant’s initial service level is lower than the case when
ξ = 0.3.11 As a result, although Q∗ is always nondecreasing in α when ξ = 0.3, Q∗ can decrease
in α (i.e., when α > 0.4) when ξ = 0.4.
Let Π∗γ denote the optimal expected proﬁt given the no-show rate γ.
Proposition 1 If δ > δ, then Π∗γ is decreasing in γ, where δ =
10

ξα

∑C
i=0

∑C−1
n=0

1
.
b(i;C,α)b(n;NH +i,ξ)

Service level is deﬁned as the probability of total demand not exceeding total capacity in one period.
∑C
∑NH
Initial service level is η = n=0 b(n; NH , ξ). Then, since C > n=0
nb(n; NH , ξ) = ξNH , we have dη
dξ =
(
)
(
)
∑C
∑
NH
n−ξNH
n−ξNH
b(n; NH , ξ) < n=0 ξ(1−ξ) b(n; NH , ξ) = 0.
n=0
ξ(1−ξ)
11
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Moreover, δ is decreasing in C and increasing in NH .
Proposition 1 indicates customer no-show is not always a good thing for the merchant. At ﬁrst
glance, if a voucher buyer fails to redeem his voucher before the pre-speciﬁed expiration date,
then the merchant still receives the money paid by the buyer. Moreover, the merchant can
give the unit that should have been claimed by the voucher buyer to another ICH in the spot
period. However, customer no-show poses a negative eﬀect on the merchant’s expected proﬁt
as well: If a UC who has bought the voucher fails to redeem his voucher, then he gives up the
chance to experience the service provided by the merchant. As a result, he remains uncertain
about his preference and is therefore not willing to pay the high full-price P0 in the future.
Thus, even though the merchant can get money from the no-show customer without providing
the service, she may lose a potential high-value customer in the future. For a merchant who
really cares about the future (i.e., δ is large enough), Proposition 1 shows this negative eﬀect
is so signiﬁcant that customer no-show is always a bad thing for the merchant.
Since δ is decreasing in C and increasing in NH , customer no-show is more likely to be a negative
factor for large (i.e., higher C) and start-up (i.e., lower NH ) merchants. This is because such
merchants really need to build their customer pools to better utilized their capacity. With the
development of technology, a merchant can inﬂuence the customer no-show rate to some extent.
For instance, the merchant can make use of the voucher vendor’s email list to send reminders
to the subscribers. The merchant can also take advantage of the short message service or social
networking websites (e.g., Facebook) to communicate with her customers and ensure they will
not forget to redeem their vouchers.

4

Diﬀerent Refund and Revenue Sharing Policies

In Section 3, we assumed no refund is provided to the no-show customers and the voucher
vendor shares the whole sales revenue with the merchant. In practice, however, as discussed in
the Introduction, at least three diﬀerent refund policies are considered in the case of customer
no-show:

16

(R1) zero refund;
(R2) full refund provided by the merchant;
(R3) full refund provided by the voucher vendor.
∗
For R1, as discussed in the previous section, the optimal voucher price is Pv1
= (1 − γe )[αe VH +

(1 − αe )VL ]. When refund is guaranteed by either the merchant or the voucher vendor, voucher
buyers do not have to consider the cost of potential no-show. Thus, they will buy the voucher
if αe VH + (1 − αe )VL − Pv is nonnegative. Thus, optimal voucher prices under both refund
∗
∗
policies R2 and R3, denoted as Pv2
and Pv3
, are αe VH + (1 − αe )VL .

With regard to the revenue sharing policy, Groupon basically follows two business models
(Hickins, 2011):
(S1) In the US, Groupon shares the total revenue from the voucher selling with the merchant.
(S2) In Europe, Groupon pays merchants for vouchers that customers actually redeem and
keeps all the revenue from unclaimed vouchers.
Given the capacity allocation decision Q and commission rate 1 − τ , for diﬀerent policies RiSj
(i=1,2,3, j=1,2), the merchant’s expected proﬁt from the voucher buyers in the spot and future
periods Π1Vij and the voucher vendor’s expected proﬁt π1Vij are given in Table 2, where Peij∗ are
deﬁned as the “eﬀective voucher price” under policy RiSj, i=1,2,3, j=1,2.
Table 2: The merchant and voucher vendor’s expected proﬁts under diﬀerent policies
R1S1:
R1S2:
R2S1:
R2S2:
R3S1:
R3S2:

Π1V11
Π1V12
Π1V21
Π1V22
Π1V31
Π1V32

∗
∗
= [τ Pv1
− s (1 − γ)] Q , Pe11
Q
∗
∗
e
= (τ Pv1 − s) (1 − γ) Q , P12 Q
∗
∗
= [(τ − γ) Pv2
− s (1 − γ)] Q , Pe21
Q
∗
∗
Q
= [(τ (1 − γ) − γ) Pv2 − s (1 − γ)] Q , Pe22
∗
∗
e
= [τ Pv3 − s (1 − γ)] Q , P31 Q
∗
∗
Q
− s (1 − γ)] Q , Pe32
= [τ (1 − γ)Pv3
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π1V11
π1V12
π1V21
π1V22
π1V31
π1V32

∗
= (1 − τ ) Pv1
Q
∗
= (1 − τ + τ γ)Pv1
Q
∗
= (1 − τ ) Pv2 Q
∗
Q
= (1 − τ + τ γ)Pv2
∗
= (1 − τ − γ)Pv3 Q
∗
Q
= (1 − τ )(1 − γ)Pv3

The merchant’s objective function can be described as the following general form:
[∑
Q
C−q
NH
∑
∑
∗
e
e
Π (Q) = Pv Q+P0
b(q; Q, 1 − γ)
nb(n; NH , ξ) +
(C − q) b(n; NH , ξ)
q=0

n=0

n=C−q+1

(∑
)]
q
N∑
C
H +i
∑
+δ
b(i; q, α)
nb(n; NH + i, ξ) +
Cb(n; NH + i, ξ)
i=0

n=0

(3)

n=C+1

i.e., under policy RiSj, given Q, the merchant’s proﬁt function Πij (Q) can be expressed in
Equation (3) with Π and Pev∗ replaced by Πij and Peij∗ , respectively. The merchant is to maximize
Πij (Q) by choosing a quantity Qij ∈ A . Note the voucher vendor’s commission rate 1 − τ is
exogenously given, implying an assumption that the voucher vendor market is competitive.
This assumption is reasonable because according to Yipit’s data12 , over 500 hundred discount
voucher sites operate in the US. However, the big sites (e.g., Groupon) are still enjoying some
extent of market power. Thus, allowing τ to be a decision variable of the voucher vendor is an
interesting future research topic.

Lemma 2
i. Under revenue sharing policy S1, if γ − τ γe > (<)0, the merchant is worse (better) oﬀ by
oﬀering refund compared to the no-refund situation, i.e., Π∗21 < (>)Π∗11 .
ii. Under revenue sharing policy S2, if γ − τ γe (1 − γ) > (<)0, the merchant is worse (better)
oﬀ by oﬀering refund compared to the no-refund situation, i.e., Π∗22 < (>)Π∗12 .
From Lemma 2, we can see that the beneﬁt of oﬀering refund depends on both the customer’s
expected no-show rate γe and the real no-show rate γ. To voucher buyers, refund serves as an
insurance against the consumption state uncertainty (measured by γe ). However, it may not be
beneﬁcial to the merchant to provide such insurance. Like any other type of insurance, refund
is actually a risk sharing device. By oﬀering refund, the merchant has to take all consumers’
risk of being in an unfavorable consumption state (measured by γ). According to Lemma 2,
only when voucher buyers expect a much higher no-show rate (i.e., γe ) than the realized one
(i.e., γ) can the merchant beneﬁt from oﬀering refund.
12

http://yipit.com/about/services/
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Proposition 2 If voucher buyers have rational expectation about their probability of being in an
unfavorable consumption state, i.e., γe = γ, then given a revenue sharing policy and compared
to the no-refund situation, the merchant always earns less expected proﬁt by oﬀering refund,
i.e., Π∗21 < Π∗11 and Π∗22 < Π∗12 .
Xie and Shugan (2001) study a similar advance selling model with consumer consumption state
uncertainty, where advance buyers have rational expectation about their probability of being
in an unfavorable consumption state. They claim the merchant could sometimes beneﬁt from
oﬀering refund in the advance selling context. However, Proposition 2 provides a very diﬀerent
result. The reason is as follows: Xie and Shugan (2001) assume a customer will still consume
without refund when he ﬁnds his consumption state unfavorable, but will take the refund
otherwise. As a result, with the existence of variable cost, oﬀering refund will increase proﬁt
by saving cost from not serving customers in an unfavorable state. In the current study, we
consider a diﬀerent setting where the voucher buyer, who ﬁnds himself in the unfavorable state
(e.g., he may travel in another city and cannot redeem the voucher in time), will not consume
regardless of the availability of refund. In this case, oﬀering refund does not have cost saving
eﬀect. In reality, however, both types of customer behavior may exist. If a large amount of
voucher buyers behave like the one in our setting in the face of unfavorable consumption state,
then refund’s cost saving eﬀect will be insigniﬁcant13 .
Next, let’s discuss the impacts of diﬀerent refund and revenue sharing policies on social welfare.
For simplicity, we focus on the case where voucher buyers have a rational expectation about
their no-show rate, i.e., γe = γ. Deﬁne social welfare as the total surplus of the three parties
(i.e., consumers, the merchant and the voucher vendor) in the market. Denote SWij as the
social welfare under policy RiSj.
∗
∗
, and Q∗11 = Q∗32 , i.e., policy R1S1 is
= Pe32
Lemma 3 Π1V11 = Π1V32 , π1V11 = π1V32 , Pe11

eﬀectively equivalent to policy R3S2.
13

Our model can be easily modiﬁed to analyze the case considered in Xie and Shugan (2001). For details,
please refer to Online Appendix ??.
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Under policy R3S2, the voucher vendor takes the role of PayPal by helping secure customer’s
account and reimbursing them in case of no-show. At ﬁrst glance, customers would beneﬁt
from such policy, which is much “safer” with every transaction compared with the situation
under policy R1S1, because they do not have to worry about losing money in the unfavorable
∗
∗
consumption state. However, they have to pay for such purchase protection (Pv3
> Pv1
):

Because the merchant knows that customers do not have to worry about the no-show cost and
are willing to pay more for the voucher, she will increase the voucher price to squeeze consumer
surplus. Does the merchant beneﬁt from this policy? No. She has to pay for it too, because
she cannot get the voucher sales revenue from the no-show customers. Finally, the voucher
vendor does not get any more beneﬁts either. Even though the voucher price is higher under
policy R3S2 than under policy R1S1, the voucher vendor has to return the money to those
no-show customers, which actually means the total quantity sold is lower. As a result, we ﬁnd
the two policies generate the same result for each party in the market. Thus, we have to be
more cautious when evaluating the eﬀectiveness of the PayPal model. At least, in the discount
voucher market, it may only act as a no-refund policy with a diﬀerent revenue sharing contract
between the merchant and the voucher vendor.
Lemma 4 If 1−τ −γ ≥ 0,14 for a given revenue sharing policy, compared to the situation under
no refund policy, the refund oﬀered by the voucher vendor will increase the total social welfare,
whereas the refund oﬀered by the merchant will decrease the total social welfare. Mathematically
speaking, SW31 > SW11 > SW21 and SW32 > SW12 > SW22 .
Lemma 4 can be explained as follows: First, it is easy to check that all customers (including
both ICs and UCs) will get zero surplus because they have to pay the price equals to their
(expected) valuation. Second, the total eﬀective voucher price (i.e., the merchant’s and the
voucher vendor’s expected proﬁt from one voucher) is the same under all scenarios because
the commission fee is simply a proﬁt transfer between the merchant and the voucher vendor.
However, it should be noted that the merchant is the one who makes the capacity decisions.
Generally, the condition 1 − τ − γ ≥ 0 holds in a discount voucher market. For example, Groupon’s
commission rate is known as 50% (i.e., τ = 50%) and the no-show rate is usually less than 50% (Dholakia and
Tsabar, 2011).
14
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Thus, if she needs to provide refund herself, then she is willing to sell less vouchers, which in
turn, decreases the total sales proﬁt.
Proposition 3 If 1 − τ − γ ≥ 0, then SW31 > SWij , ∀(i, j) ̸= (3, 1).
According to Proposition 3, we ﬁnd a policy, R3S1, which leads to the largest social welfare
among all six policies. Speciﬁcally, policy R3S1 is better than the PayPal model (i.e., R3S2) in
terms of maximizing social welfare. Thus, the generosity of the voucher vendor, i.e., oﬀering the
refund and sharing the total proﬁt with the merchant, will beneﬁt the whole society. Admittedly,
the voucher vendor may incur some losses under R3S1. However, given that the social welfare
is increasing, the voucher vendor can ask for some lump-sum payment from the merchant. Note
the lump-sum payment does not aﬀect the merchant’s optimal decision. Therefore, by this way,
we can get a Pareto improvement under policy R3S1 where all parties in the market will be
(weakly) better oﬀ than in the situation under other policies.
In some countries (e.g., the US), the consumer protection regulations stipulate that voucher
buyers have the right to ask for a refund. Proposition 3 gives us a suggestion on how to
implement such regulations: Instead of asking the voucher “issuer” (i.e., the merchant) to oﬀer
the refund, the relevant regulation should demand the voucher “vendor” to oﬀer the refund if
it aims to maximize the total social welfare.

5

Customer Dilution

In previous sections, the discount voucher market is assumed to have only one type of customer,
i.e., UCs . However, in reality, there are also some informed customers buying the vouchers
(Dholakia, 2012). In Section 5.1, we further extend our model by incorporating customer
dilution behavior. This model is based on some strong assumptions. In Section 5.2, we will
conduct a simulation study to validate our main results.
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5.1

Simple Model with Dilution.

Suppose there are some ICs (including ICHs and ICLs) coming to buy the discount voucher in
the voucher selling period as well. First, let’s look at the case under refund policy R1. The
discount voucher serves as an advance selling mechanism in which the diluted ICs have to bear
the risk of being in an unfavorable consumption state later (i.e., consumption state uncertainty).
Thus, a diluted IC will buy the voucher only if the voucher’s price is low enough. Speciﬁcally,
taking the expected no-show rate γe into consideration, a diluted ICH will buy the voucher if
the voucher price Pv1 ≤ (1 − γe )VH , whereas an ICL will buy the voucher if Pv1 ≤ (1 − γe )VL .
A UC will learn how many people have bought the voucher when making the purchasing
decision because most voucher vendors oﬀer real-time sales data on the webpage. When buying
the vouchers, UCs have to face the preference uncertainty because they have little private
information about the service sold. It is this preference uncertainty that would cause them
to be easily inﬂuenced by other people’s purchasing behaviors. Due to the potential existence
of diluted customers, they know others may have some experience with the merchants. As a
result, by checking the sales data, a UC may believe the service is more likely to be good if
more people have bought the voucher. This type of network eﬀect have been widely shown in
literature (e.g., Huang and Chen (2006); Chen et al. (2011)).
Similar to the approach used in some literature (e.g., Farrell and Saloner (1986); Strauss (2002)),
we build the following model to capture such kind of network eﬀect. Suppose n people have
already bought the voucher. The UC will then update his probability of having a valuation of
VH to be A(n), with A(0) = αe and A′ (n) ≥ 0. However, the realized probability α will remain
unchanged because it is related to customers’ experience during the consumption. In addition,
this kind of inﬂuence is assumed to be limited. After all, UCs still have not “experienced” the
service when they buy the voucher. Thus, we assume A(C) to be lower than 1. Based on the
assumptions above, each UC will buy the voucher if expected payoﬀ (1 − γe )[A(n)VH + (1 −
A(n))VL ] − Pv1 is nonnegative.
We assume the merchant’s top priority is to attract some UCs by selling the vouchers, because
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most merchants treat the discount voucher mechanism as a promotion strategy instead of a
pure advance selling strategy (Dholakia, 2011). Hence, the merchant will not set the voucher
price so high such that only diluted ICHs can aﬀord it. Moreover, because (1 − γe )VL <
(1 − γe )[A(n)VH + (1 − A(n))VL ] and the number of UCs in the discount voucher channel is
large enough, the merchant will not set the price at Pv1 = (1 − γe )VL , indicating ICLs will
not buy the vouchers even though they may ﬁnd the promotion on the Internet. Thus, it is
suﬃcient to just consider the ICHs’ dilution behavior in our model. Denote the diluted ICHs
as the diluted customers (DCs). Here, the total amount of DCs (ND ∈ [0, C)) is assumed to
be exogenous, i.e., the merchant can expect the amount of diluted customers rationally when
making the decision. In practice, ND should be a random variable. However, since we want to
focus on the impact of the existence of customers’ dilution behavior on the merchant’s optimal
decision and expected proﬁt, we ignore the randomness of ND in this section. In Section 5.2, a
simulation study is conducted to show our main results in this section still hold even when ND
is random.
In Section 5.1, we only consider a static setting, which will be relaxed to allow for stochastic
customer arrivals in the simulation study later. Speciﬁcally, we assume all customers (including
UCs and DCs) are already in the discount channel when the promotion begins. Moreover,
DCs will act before UCs do because DCs are familiar with the service and will spend less
time thinking or making the decision (Shugan, 1980). Therefore, the optimal voucher price is
∗
Pv1
(ND ) = (1 − γe )[A (ND ) VH + (1 − A (ND )) VL ].

Using a similar argument, we can get the optimal voucher price under refund policies R2 and
∗
∗
∗
∗
R3, i.e., Pv2
and Pv3
, as follows: Pv2
(ND ) = Pv3
(ND ) = A (ND ) VH + (1 − A (ND )) VL .

Given the voucher price Pvi∗ (i=1,2,3), DCs will buy the vouchers ﬁrst. Then, observing ND
vouchers have been sold (provided Q > ND ), UCs will update their expectations of having a
valuation of VH to A(ND ) and therefore accept the voucher price Pvi∗ . As a result, they will
buy the vouchers as well. Given that the merchant’s top priority is to attract new customers
(i.e., UCs), her possible capacity allocation decision Q will be within the set B = {0} ∪ {ND +
1, ND + 2, ..., C}. In other words, the merchant will either choose not to promote at all or to
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run the discount voucher promotion and make sure some UCs will get the vouchers.
Given ND , if the merchant sets Q ∈ {ND + 1, ND + 2, ..., C}, then her expected proﬁt under
policy RiSj (i=1,2,3, j=1,2) can be expressed as follows:
Πij (Q|ND ) = Peij∗ (ND )Q+Pe0
+

ND Q−N
∑
∑D

b(l; ND , 1 − γ)b(m; Q − ND , 1 − γ)

l=0 m=0
NH∑
−ND

+δ

nb(n; NH − ND , ξ)

n=0

(C − l − m) b(n; NH − ND , ξ)

n=C−l−m+1
j
∑

[C−l−m
∑

b(k; m, α)

(∑
C

nb(n; NH + k, ξ) +

n=0

k=0

N∑
H +k

)]
Cb(n; NH + k, ξ)

n=C+1

where the eﬀective voucher price Peij∗ (ND ) are given as follows:
∗ (N ) = τ P ∗ (N ) − s(1 − γ);
Pe11
D
D
v1

∗ (N ) = τ (1 − γ)P ∗ (N ) − s(1 − γ);
Pe12
D
D
v1

∗ (N ) = (τ − γ) P ∗ (N ) − s (1 − γ);
Pe21
D
D
v2

∗ (N ) = (τ (1 − γ) − γ) P ∗ (N ) − s (1 − γ);
Pe22
D
D
v2

∗ (N ) = τ P ∗ (N ) − s (1 − γ);
Pe31
D
D
v3

∗ (N ) = τ (1 − γ)P ∗ (N ) − s (1 − γ).
Pe32
D
D
v3

If she chooses not to promote at all, then her expected proﬁt can be expressed as follows:
)
( C
NH
∑
∑
Cb(n; NH , ξ)
Πij (0|ND ) = Pe0 (1 + δ)
nb(n; NH , ξ) +
n=0

n=C+1

Denote Q∗ij (ND ) and Π∗ij (ND ) as the optimal capacity allocation decision and the optimal expected proﬁt when the amount of DCs is ND . Also, deﬁne function ∆ij (ND ) , Peij∗ (ND ) − Peij∗ (ND − 1)
as the marginal increment of the network eﬀect due to the ND th DC.
¯ then Π∗ (ND +1) >
Proposition 4 Under policy RiSj, if Q∗ij (ND +1) > 0 and ∆ij (ND +1) > ∆,
ij
Π∗ij (ND ), i.e., the merchant is better oﬀ having more diluted customers, where
[
ND C−l−1
∑
∑
¯ = Pe0 γξ
∆
b (l; ND , 1 − γ) b (n; NH − ND − 1, ξ)
l=0

n=0

+ Pe0 (1 − γ) ξ

ND C−l−2
∑
∑
l=0

b (l; ND , 1 − γ) b (n; NH − ND − 1, ξ) + Pe0 δαξ

n=0

C−1
∑

]
−1
.
b (n; NH , ξ) ND

n=0

At ﬁrst glance, customer dilution seems to be a bad thing for the merchant because the discount
vouchers should have been sold to attract new customers instead of the existing customers.
However, diluted customers also have two positive eﬀects on the merchant’s expected proﬁt.
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First, the DCs may not think about coming to the merchant in the spot period if they do not
have the voucher. Thus, the discount voucher plays a role in inducing consumption. Second,
as many scholars (Jing and Xie, 2011; Nelson, 1970) have pointed out, there are information
gaps between customers, particularly in the service industry. Thus, DCs will have a positive
information externality that will help increase the UCs’ valuation. The value of customer
dilution depends on the relative value of the negative and positive eﬀects. Proposition 4 shows
the potential gains from the existence of DCs can possibly overweigh the corresponding losses.
This result implies instead of speciﬁcally choosing not to advertise the discount voucher to her
existing customers, the merchant may be better oﬀ informing some of her old customers about
the upcoming discount voucher promotion campaign.
Shapiro and Varian (1999, pg.79) state “Promotional pricing is valuable only if it segments
the market.” This statement is based on the idea that promotion users usually have to bear
some additional cost. For instance, “coupon users have to clip the coupon and remember to
take it to the store”(Shapiro and Varian, 1999, pg.79). In other words, they emphasize the
self-selection function of a promotion. However, in the current study, we ﬁnd even though the
merchant cannot perfectly segment the market (i.e., she cannot distinguish DCs from UCs in
the discount voucher channel), she can still beneﬁt from such promotion campaign. The main
reason is the existence of the customer preference uncertainty. To realize “self” selection, a
customer has to be certain about his valuation, which may not be known to the merchant.
Then, the merchant will come up with certain mechanisms (e.g., promotion) to let the customer reveal his type. However, what if the customer does not know his valuation for sure?
This means customer’s willingness-to-pay can change during the purchasing and consumption
process. Discount voucher mechanism oﬀers the merchant two ways to inﬂuence the customer’s
willingness-to-pay: (a) it lowers the price to attract uninformed customers to experience the
service and ﬁnd their true valuation, and (b) it promotes the network eﬀect among customers,
which can inﬂuence UCs’ expected valuation of the service. Hence, even though the merchant
cannot segment the market, she can still beneﬁt from the promotion campaign as long as there
is customer preference uncertainty.
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¯ is only dependent on the marginal
It should be noted that the condition ∆ij (ND + 1) > ∆
increment of the network eﬀect and is irrelevant to the absolute value of the eﬀective voucher
price. Thus, even though the eﬀective voucher price may be very low, which implies the
merchant is losing signiﬁcant amounts of money from the diluted customers, the customer
dilution eﬀect may still beneﬁt the merchant.
In addition, it is easy to check that ∀(i, j) ̸= (3, 1), ∆31 (ND +1) > ∆ij (ND +1). Then, according
¯ is the same for all policies, we can see, given the same
to Proposition 4, where the threshold ∆
amount of DC (i.e., ND ), adding one more DC is more likely to be a good thing under policy
R3S1 than under other ﬁve policies. In this sense, R3S1 is the most eﬀective in utilizing the
network eﬀect among customers.
¯ is increasing in C and δ, and decreasing in s.
Corollary 2 The threshold ∆

Larger C and δ values indicate the merchant is more eager to increase her customer pool so that
she can better utilize her large capacity and increase future proﬁt. However, diluted customers
will take some vouchers that are intended for potential new customers. Moreover, diluted
customers will cost the merchant signiﬁcant amount of money because they are expected to
pay more. Thus, customer dilution behavior can be beneﬁcial to a merchant with large C and
δ only when the network eﬀect generated by DCs (i.e., ∆ij (ND + 1)) is suﬃciently large.
As far as the merchant is concerned, selling a voucher to an IC will incur two types of loss: (1)
the direct loss from selling to him at the discount price instead of at the original high price P0
in the spot period, i.e., Pe0 − Peij∗ (ND ) = P0 − Pvi∗ (ND ) − sγ, and (2) the future loss from losing
a potential new customer in the future period, i.e., P0 − s. Both are decreasing in s. In other
words, the cost of customer dilution for the merchant decreases with increasing s. As a result,
¯ is decreasing in s, which implies customer dilution is
Corollary 2 shows that the threshold ∆
more likely to be a good thing for the merchants with higher variable cost. Thus, they should
encourage their existing customers to participate in the discount voucher channel as their “sales
agent” to help them attract new customers.
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5.2

Simulation Study.

In Section 5.1, we built our model based on the following two critical assumptions: (i) the
merchant can expect ND rationally, and (ii) the model is static. In this section, we use a
simulation study which relaxes these two assumptions to validate our main results in Section 5.1.
The basic setting of the example includes C = 70, NH = 100, P0 = 10, s = 0, τ = 1, VH =
10, VL = 3, αe = 0.1, α = 0.2, ξ = 0.3, γe = 0.2, γ = 0.2, δ = 1, and the implementation of the
R1S1 policy15 . In the discount voucher channel, suppose customers, each with the demand of
one unit of capacity, arrive according to a Poisson process. Set ∆t very small such that at most
one customer arrives within the time period. Without loss of generality, we set ∆t = 1. In
total, the voucher selling period will last for T = 160. Furthermore, within the time period
∆t, the UC’s arrival rate is assumed to be λU C = 0.5 while the IC’s arrival rate is denoted as
λIC . The probability that an arriving IC is an ICH (or an ICL) is 50%. Thus, the arrival rate
of ICH (or ICL) is 0.5λIC . Following previous studies (e.g., Farrell and Saloner, 1986; Strauss,
2002), we use the following linear function to characterize the network eﬀect: A(n) = αe + kn,
where k > 0 measures the magnitude of the network eﬀect. Upon arrival, each UC will value
his A(n) based on the current sales n. If his expected payoﬀ of buying the voucher (i.e.,
(1 − γe )[A(n)VH + (1 − A(n))VL ] − Pv ) is negative, then the UC will wait in the discount
voucher channel and constantly update his A(n). Once his expected payoﬀ turns out to be
nonnegative, he will buy the voucher and leave the channel. The decision of the diluted ICs
is relatively simple. Upon arrival, the diluted ICs will buy the voucher when the payoﬀ (i.e.,
(1 − γe )VH − Pv for the ICH and (1 − γe )VL − Pv for the ICL) is nonnegative or leave otherwise.
We conducted 12 scenarios, i.e., λIC = 0.1, 0.2, 0.3, 0.4 and k = 8/700, 5/700, 2/700. Two
diﬀerent models were used in each scenario:
• Dynamic and stochastic model (denoted as Model 1). This is the model described above.
For each possible combination of Pv and Q, we generated 20,000 cases and calculated the
approximate corresponding expected proﬁt by taking the average of the proﬁt in each case.
15

We obtained similar results with the other policies. Thus, for exposition simplicity, we omit the results.
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Figure 3: Results of the simulation study.
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Then, we searched for the optimal decision (i.e., Pv∗ and Q∗ ) and the optimal expected
proﬁt for each scenario.
• Static and deterministic model (denoted as Model 2), where ND = λICH T . This is
the model discussed in Section 5.1, and thus, the optimal voucher price Pv∗ = (1 −
γe )[A (ND ) VH + (1 − A (ND )) VL ]. We obtained Q∗ by solving the optimization problem
max Πij (Q|ND ). Then, we calculated the corresponding optimal expected proﬁt.
Q∈B

The results of the simulation study are given in Figure 3.
Proposition 4, which is based on the simple static and deterministic model (i.e., Model 2),
points out that more diluted customers in the discount voucher channel may sometimes lead
to an increase in merchant’s optimal expected proﬁt. As we can see in Figure 3, a similar
phenomenon is obtained under certain circumstances (i.e., when k = 8/700) in the dynamic
and stochastic setting (i.e., Model 1). Furthermore, under the settings of both models, the
merchant’s optimal expected proﬁt is more likely to increase in the (average) number of diluted
customers (λICH or ND ) as k increases (i.e., the magnitude of network eﬀect becomes stronger).
Thus, a threshold k̂ could exist such that ∀k > k̂, the customer’s dilution behavior and the
merchant’s optimal expected proﬁt have a positive relationship. Admittedly, the threshold k̂
can be diﬀerent in the two models: Note when k = 5/700, Model 1 generates a decreasing
curve while Model 2 generates an increasing curve, which implies the k̂ of Model 2 is smaller
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than that of Model 1. In general, the result that the merchant’s optimal expected proﬁt can
sometimes (particularly when k is large) increase as more informed customers dilute in the
discount voucher channel, which is the main point of Proposition 4, is robust. Thus, even
though our simple model proposed in Section 5.1 is based on strong assumptions, we ﬁnd this
kind of simpliﬁcation captures the main characteristics of the actual settings.

6

Conclusion and Future Research

In this paper, we discussed the discount voucher, a mechanism widely used by merchants in
the service industry nowadays owing to the success of online voucher vendors like Groupon
and LivingSocial. Customers in this market have two types of valuation uncertainties, namely,
preference uncertainty and consumption state uncertainty. Moreover, the merchant cares about
not only the current operational performance, but also the long-term promotion eﬀect. By
taking a comprehensive perspective (i.e., considering revenue management and promotion eﬀect
at the same time), we found several new results that previous study fail to obtain:
i. Diﬀerent from the traditional operations management viewpoints, we found no show of
voucher buyers may not be a good thing for the merchant, especially for those large or
start-up ones.
ii. Diﬀerent from the existing marketing literature (e.g., Xie and Shugan (2001)) which claims
oﬀering refund is sometimes good for the merchant given voucher buyers have rational
expectation about the probability of not being able to redeem the voucher, we found new
evidence to show the negative eﬀects of refund. Moreover, we found one best refund and
revenue sharing policy (i.e., R3S1, not the Paypal model R3S2) in terms of maximizing
social welfare, which may give some insights to the public policy.
iii. Diﬀerent from the economics literature (e.g., Shapiro and Varian (1999)) which states
promotional pricing is valuable only if it segments the market, we found customer dilution
(i.e., imperfect market segmentation) may still beneﬁt merchants due to the network eﬀect.
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To our knowledge, there is little empirical work on the impacts of refund policy and customer
behaviors (e.g., no-show and dilution) on the merchant’s long-term revenue in the discount
voucher market. We hope there will be more empirical studies on these issues to validate the
predictions of our model in the future.
In this paper, to simplify the analysis, we used some restrictive assumptions. For instance,
we assumed consumers are homogeneous when purchasing the vouchers and they only have
two possible customer valuations, namely, VH and VL . Although many papers on advance
selling and reservations (e.g., Cil and Lariviere, 2013; Xie and Shugan, 2001) use a similar
model, the case where UCs are heterogeneous in the voucher channel with valuation following a
generous distribution is worth exploring. In addition, we simply treat the merchant’s capacity
as ﬁxed at C. In some cases, the merchant’s capacity might be ﬂexible to some extent (e.g.,
the restaurant can open a “patio” to seat more customers). We think if we treat the capacity
C as the maximum capacity that the merchant can serve, then our analysis should remain the
same. However, if providing extra capacity requires the merchant to pay more variable cost,
then the analysis would be diﬀerent. Speciﬁcally, the optimal capacity allocation decision Q∗
would change. Studying the eﬀectiveness of the discount voucher mechanism in this situation
would be an interesting topic for future research. Besides, we just considered the merchant
as a monopoly. Future research can investigate the competitive setting where competing ﬁrms
decide whether to sell digital vouchers. Similarly, the game between the voucher vendor and the
merchant is also an interesting research topic. In this paper, we assumed the voucher vendors’
market is competitive such that τ is an exogenous variable. For future research, we can let
such variable be the voucher vendor’s decision variable. Then, there will be a Stackelberg game
where the voucher vendor ﬁrst chooses the commission rate 1−τ and then the merchant chooses
the optimal voucher price Pv and capacity allocation decision Q.
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